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This work examines the mass transfer properties for the case of turbulent transport with 1st order chemical
reaction. Numerical experiments using a direct numerical simulation (DNS) of turbulent flow in a channel,
combined with Lagrangian scalar tracking (LST) of trajectories of mass markers in the flow field [1,2,3] are
conducted. The probability density function that describes the behavior of an instantaneous heat or mass source
at the wall of the channel is used to synthesize the mean concentration profile of a reactant that is dissolved in
the flow field from one wall of the channel. A second probability function, one that depends on the rate of a first
order chemical reaction, is used to determine which markers react as time advances.

It is found that the mass transfer coefficient for the reactant increases, especially for fast reactions. The range of
Schmidt numbers examined is between 1x10™ and 5x10%, and the range of Damkdhler numbers is between
1.4x107 and 1.4x10™. Quantitative relations are developed to predict the dependence of the mass transfer
coefficient on the Damkdhler number and on the Schmidt number. Results from the DNS/LST method are
compared to existing data and to results from the modeling of mass transfer based on the analogy between mass
and momentum transfer in turbulent flow. It is argued that differences from what the analogy predicts are due to
(a) the presence of the wall, which results to an effective filtering of the size of the eddies that contribute to
turbulent transport depending on the molecular Schmidt number of the fluid, and (b) the amount of time that is
necessary for a mass marker to be transferred out of the viscous wall layer relative to the reaction half-life time.
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